As latex proteins, which cause latex hypersensitivity, can be found on starch particles and inhalation may be a route for sensitization, the presence of starch particles in hospital air was examined. The starch particles were demonstrated by immobilization onto cellulose acetate filters and staining with iodine. Rooms in which powdered latex gloves were used gave counts of up to > 3667 particles per cubic meter of air. Starch particles were not found in the air in rooms where latex gloves were not used, and were highest in rooms with a high glove usage but no ventilation. A change to powder-free gloves significantly reduced the count of starch particles in the unventilated Accident/Emergency Department air. Use of powder-free gloves should be considered especially in unventilated areas in healthcare premises.
INTRODUCTION
The increasing use of latex gloves throughout healthcare premises as part of the 'Universal precautions' for prevention of blood borne infection has meant that hypersensitivity to latex among healthcare workers is emerging as a significant problem in many countries. Dental students in Germany for example, when prick tested at the start and end of training showed an increase of positive tests against different latex fluids rising from 2-10.4%.' In Finland a scratch chamber test showed a 3% overall incidence of hypersensitivity to latex proteins in hospital staff, with 6.2% in theatre staff as compared to 0.8% in controls. 2 Latex proteins present in the gloves mediate this allergy and have been shown to adhere to glove powder 3 which acts as a vehicle for the allergens. A recent comprehensive review 4 concluded that latex allergy now affects thousands of people. Baur and Jager 5 reported acute respiratory allergy due to handling latex gloves. They suggested that inhalation of latex proteins attached to starch glove powder could be a significant mode of sensitization for healthcare workers. In such cases an immediate hypersensitivity response (due to IgE) may occur giving rhinitis, conjunctivitis or asthma.
We sampled the air in two hospitals in order to see if starch particles could be detected during normal working practises, and if so to see how the numbers of particles found related to the work performed, the number and use of powdered or powder-free gloves, and to the type of ventilation provided.
METHODS

Detection of starch particles
The principle used was to immobilize any starch particles by drawing a known volume of room air through a cellulose acetate filter, and then staining the filter by placing it for 3 min into a Petri dish containing four drops of Lugol's Iodine solution (iodine 50 g, potassium iodide 100 g, purified water to 1 1). Starch particles stained black and were counted using a x 10 hand lens. The system was tested by sampling after unpacking a pair of powdered gloves -the Filter contained too many starch particles to count.
In order to disturb practises as little as possible in sensitive areas such as operating theatres and intensive care wards a 'personal air sampler' (Cassella, Bedford, UK) was used as, unlike many other air samplers, it 156 Occup Med. Vol 47, 1997 is quiet in operation. It was set up as a static freestanding unit at bed height, adjusted to sample 2 1 air/min and run for 15 min (30 1 air). The sampler head was fitted with 0.5 (im Cellulose acetate filters (Millipore). Each of nine test rooms was sampled on nine occasions at hourly intervals during the working day (from 9 a.m. to 5 p.m.) on five consecutive days (45 samples); the same observer was used for all the tests, and she noted staff activities and glove usage by staff during sampling periods. Only one test room was sampled per week (i.e., ten weeks of sampling). Three other rooms were sampled for one day (nine samples) only as it did not seem reasonable to devote a whole week to each.
Sample sites
The sites tested were chosen as those where glove usage was common and included those with and without mechanical ventilation. In hospital A two intensive care units (ICU 2 and ICU3) were tested together with the laboratory office (as a control); and in hospital B two theatres and the adjacent scrub rooms, the intensive care ward (ICU 1), the Accident and Emergency Department, the Hospital sterilizing and Disinfection Unit and a psychiatric ward were sampled. Powdered gloves were used in all three intensive care units. ICU1 and ICU2 were fitted with mechanical ventilation; ICU3, which had a similar workload to ICU2 was not. The following parameters applied to the two operating theatres and adjacent scrub rooms which were sampled separately. In Theatre 1 (General Surgery) powder-free gloves were used by the surgical teams and the ventilation rate was 20 air changes per hour. In Theatre 2 (orthopaedics) the surgical team used powdered gloves and the ventilation rate was 24 air changes per hour. However in both theatres the circulating nurses and anaesthetists wore powdered gloves. The Accident and Emergency Unit(A/E) which was unventilated was sampled on two successive occasions -for the first week powdered gloves were used; and for the second week a trial of powder-free gloves was instituted. Single days of sampling were undertaken in a psychiatric ward and in the Laboratory office to exclude the possibility that the starch powder found was unconnected with glove usage; the Hospital Sterilisation and Disinfection Unit(HSDU) was also sampled for one day during which gloves (some powdered, some powder-free) were worn.
Statistical analysis
The data was examined for homogeneity. To determine significant variation in particle counts among the test rooms, analysis of variance was used. The significance of differences between pairs of rooms was tested using the Scheffe test and differences at the 0.05 level were sought.
RESULTS
In all 421 tests were performed (out of a possible 432). Occasional counts had to be omitted to avoid interference with unexpected clinical activities in intensive care wards (resuscitation teams in action or several patients being admitted from theatres at the same time) or because of cancellation of operations (counts in empty operating theatres were thought to be meaningless due to the ventilation). The counts obtained ranged from 0-> 110 (maximum countable) for each 30 1 of air sampled (i.e., from 0->3667 particles per m 3 ). Maximum counts were recorded on five occasions, all after a pair of powdered gloves was opened. In most sites quiet times equated with zero counts, but the counts in ICU2 and ICU3 never fell to zero. Statistical analysis showed the distribution was not normal, but since the units were three dimensional, a cubed root transformation was performed and the resultant data had a normal distribution. The results are shown in Table 1 . Table 2 shows the results of the Scheffe analysis for significant variation in counts between pairs of rooms. The count in ICU3 was significantly worse than in all other sites except ICU2 (p < 0.05); the count in the psychiatric ward was less than in all other sites (p < 0.05). The powder free gloves made a significant reduction in the counts found in the Accident and Emergency Department.
DISCUSSION
Starch particles were readily detectable in hospital air in rooms in which starch powdered gloves were used, and were significantly fewer in the psychiatric ward, where no gloves were used. The numbers of particles found related well to the presence or absence of mechanical ventilation. Intensive Care Unit 3 which had the highest counts was not mechanically ventilated. The theatres obviously had the greatest loading from glove usage (Table 1 ) but the ventilation meant that counts were lower than those in the unventilated ICUs. Counts in both scrub-rooms were similar despite use of powder-free gloves by the general surgeons in Theatre 1 because other staff (runners, etc.) wore powdered gloves. Counts in the two theatres were almost identical, presumably for the same reason. The high count in A/E (also unventilated) fell significantly (p < 0.05) after introduction of powder-free gloves. That it was still higher than that in the psychiatric ward may relate to the occasional uncontrolled use of powdered gloves by visitors from elsewhere or in pre-prepared procedure packs. The counts in the laboratory office, which was unventilated, may have reflected occasional visits by technicians wearing gloves. Universal precautions for handling blood and body fluids have meant a large increase in glove usage and latex allergy is becoming a problem for healthcare staff. However during the period of our survey only one staff member reported to the Occupational Health Department complaining of latex allergy. Others have noted a discrepancy between the 8% or so responding to skin tests in surveys with the small numbers voluntarily reporting symptoms to occupational health schemes. 7 Attempts to measure the starch in the air by weighing the filters used in our tests failed, because the weights were too low, certainly well below the UK occupational exposure levels of 10mg/m 3 for total inhalable dust over an 8 h TWA reference period (EH40/96). Measurements of latex proteins in eleven healthcare sites elsewhere in which powdered latex gloves were used revealed 13-208 ng/m 3 ; and from personal air samplers levels up to 974 ng/m 3 were retrieved. 8 Workers in a latex glove factory in Canada had a 3.7% prevalence of occupational asthma. 9 Currently there seems to be less of a problem in the UK, but the Medical Devices Agency of the Department of Health recently issued a 'Device Bulletin' on the problem of Latex sensitization in healthcare settings, which seeks to inform readers of the potential problems and encourage rational policies for publicizing, investigating and preventing it. 10 Our work shows that starch "particles can be found in normal hospital air at maximal levels when packs of powdered gloves are opened, and that the numbers are reduced by use of starch-free gloves. Use of powder-free gloves is a precaution which deserves serious consideration as it will block one of the routes for latex sensitization However if a change to powder-free gloves is made, it is important that it should be complete.
